ABSTRACT: Quantitative information about spatial patterns in subtidal hard substrate assemblages is scant. Such information is necessary to understand the responses to anthropogenic disturbances in these habitats. Along the coast of Apulia (Southern Italy), the collection of the European date mussel Lithophaga lithophaga is a strong source of disturbance: harvesting is carried out by demolition of the rocky substrate and causes epibiota disappearance. A hierarchical sampling design was used to quantify the spatial variability of subtidal epibenthic assemblages and the extent of rock damage due to L. lithophaga harvesting along 360 km of rocky coasts in Apulia. The surveyed coast was divided into 8 adjacent sectors, and replicate samples were taken by visual inspection at each of the 3 sites nested in each sector. Multivariate analyses indicated that assemblages differed consistently with spatial scale, variability being higher at the largest scale. However, variability among sites within each sector was also detected. Patchiness (i.e., average similarity among quadrats) was consistent among sectors. Some species were identified as 'important' in characterising and/or differentiating sectors. The pattern of distribution of these species as well as total cover and number of species were analysed by analysis of variance. Results recorded a considerable source of variation at site level. Damage by L. lithophaga fishing was shown to be extremely widespread. A humped relationship between patchiness and disturbances by L. lithophaga fisheries was obtained. In particular, patchiness at a small scale was highest at 'intermediate' levels of damage, because disturbance produces patches of different size and/or age, leading to 'mosaic' landscapes of epibenthic assemblages.
INTRODUCTION
The change in environmental conditions and the impact of human activities can be the main causes of landscape heterogeneity at different scales, from local patchiness to variation along climatic gradients (Levin 1992 , Tilman & Kareiva 1997 . Linkage across multiple scales is increasingly considered by ecologists (Peterson & Parker 1998) . The proposal of macroecology (Brown 1995 , Maurer 1999 ) as a way to reconcile biogeography and ecology mainly focuses on terrestrial habitats (Boero 1999) . Its rationale should be equally applicable to marine environments. The complementary vision of landscape ecology is again primarily interested in terrestrial environment (Forman & Godron 1986 , Farina 1998 , but the application of these concepts to the sea is timely (Cocito et al. 1991 , Garrabou et al. 1998a , Smith & Witman 1999 .
The most obvious distribution pattern of hard substrate marine communities is vertical zonation, which is often explained with the variation of environmental factors such as light (Pérès 1982) or water movement (Riedl 1971) . Attention towards abiotic factors characterised the continental-European approach, whereas British and American ecologists, often dealing with intertidal communities only (Connolly & Roughgarden 1999) , mainly invoked biotic interactions to explain community patterns. Following Dunson & Travis (1991) , Barry & Dayton (1991) re-appraised the ecological importance of physical factors in the organisation of marine communities. Since competition operates at a more local scale than climate, consideration of scale is a way to reconcile the 2 approaches.
The large-scale distribution of subtidal marine biota mostly concerns biogeography and has rarely been linked to ecological features, especially in the case of rocky substrates. Many modern studies of ecological patterns concentrate on small-scale structuring processes, such as competition and predation, or local heterogeneity within habitat (Chapman 1994 , Thompson et al. 1996 , Benedetti-Cecchi et al. 1999 . Whilst the need to detect community variability at different spatial scales is widely recognised (Butler & Chesson 1990 , Hewitt et al. 1998 , few studies of marine hard substrata have explicitly embraced a hierarchy of spatial scales (Glasby 1999) . Most information derives from the intertidal (Paine et al. 1985 , Underwood & Chapman 1996 ,b, Benedetti-Cecchi et al. 2000 ; but, in the constantly submerged subtidal, the influence of gradients of spatial scales larger than tens of metres on biodiversity is a growing field of interest (Kennelly & Underwood 1993 , Chapman et al. 1995 , Cornell & Karlson 1996 , Roberts 1996 , Guichard & Bourget 1998 , Hughes et al. 1999 , Smith & Witman 1999 . The scant information available on the subtidal means that possible linkages between large-and small-scale processes, in areas from patches to landscapes, are poorly understood. Probably, the paucity of data available on this topic is also linked to the fact that large-scale research in the subtidal is expensive and severely time-limited by logistics.
Subtidal rocky substrates of the Mediterranean Sea are intensively used by humans for a number of activities, which range from seafood collection to diving tourism (Garrabou et al. 1998b) . A high percentage of the coast of Apulia (South-Eastern Italy, between the Southern Adriatic and Ionian Seas) is of great significance in social-economic terms for fisheries and tourism. The coast of Apulia is several hundreds of km long ( Fig. 1) and is characterised by long rocky stretches, separated by sandy beaches. The geographic position and variety of the coast make the subtidal communities of Apulia extremely varied in terms of species composition and biogeographic affinities (Bedulli et al. 1986 , Damiani et al. 1988 .
Two surveys carried out in the last 10 yr (Fanelli et al. 1994) revealed that Apulian rocky subtidal habitats are continuously subjected to the intensive human predation on the European date mussel Lithophaga lithophaga. Date mussel collection requires breaking of rocks to expose the molluscs, causing the destruction of the epibiota (Russo & Cicogna 1992 , Fanelli et al. 1994 . This leads to either complete desertification or 'mosaic' landscapes of epibenthic assemblages. The importance of this phenomenon was remarked on by Naylor (1995) , while Dayton et al. (1995) and Hall (1999) cited it as a prime example of fishery disturbance on subtidal hard substrates.
During the spring of 1997, we surveyed the rocky coasts of Apulia, analysing the subtidal sessile epibiota across spatial scales ranging from metres to hundreds of km. A hierarchical sampling design provided a framework for quantifying the variation among samples due to each spatial scale (Underwood 1997) . We chose to sample subvertical rocky walls at about 5 m depth, usually characterised by more or less diverse algal assemblages (Pérès 1982) .
The present paper describes tests of hypotheses about spatial distribution of such epibenthic assemblages. Disturbance, however, plays a major role in creating different patterns of change from place to place (Connell & Sousa 1983 , Airoldi 1998 . Thus, in addition, the study evaluates the extent of rock damage due to L. lithophaga fisheries and how this form of disturbance could play a role in influencing the pattern of natural variability of epibenthic assemblages.
Most published studies focus on the spatial variation of mean abundance of either individual species, sets of interacting species, or so-called functional groups of species. Here the spatial variability has been evaluated considering the pattern of distribution of species richness, total cover, community structure (i.e., qualiquantitative species composition), and 'important' taxa (i.e., those whose relative cover characterises and/or differentiates assemblages).
METHODS
Study sites and sampling. From 12 to 23 May 1997, a survey from Peschici (41°57' N, 16°00' E) to Taranto (40°24' N, 17°12' E), Southern Italy, was carried out, covering most of the Apulian coast. The surveyed area was divided into 650 sections of 1 km each, and only the 360 sections with rocky substrates were consid-ered. These were grouped into 8 adjacent sectors, having unequal total length because of different proportions of sandy and rocky bottoms, but all including 45 rocky sections. In each sector, 3 sampling sites were randomly selected out of the 45 sections (Fig. 1) . Subtidal sessile epibiota was investigated by visual estimation of 3 random quadrats on sub-vertical rocky surfaces at about 5 m depth. Thus, 3 spatial scales were considered: small (2 to 15 m), variation between quadrats at each site; intermediate (3 to 21 km), variation between sites within sectors; and broad (45 to 500 km), variation between sectors.
A single team of 5 researchers performed sampling operations. Sampling quadrats were 1 m 2 divided into 25 equal squares. The percent substrate cover by conspicuous organisms was quantified by giving each individual taxon a score ranking from 0 to 4 in each smaller square, and then adding up scores for all the smaller squares where the taxon was present. Final values were expressed as percentages. Organisms filling less than 1 ⁄4 square were given an arbitrary value of 0.5 (Dethier et al. 1993) . Conspicuous organisms were directly recognised in the field; specimens were collected for later identification only when in doubt.
At each site, the presence of date mussels (as living specimens or as empty galleries) was recorded. The impact of Lithophaga lithophaga fisheries was assessed in 5 randomly selected surfaces of 10 × 2 m. Rock damage measurements were obtained by considering the size and frequency of disturbed patches (e.g., evident breaks in the rocks). For each sampling surface a score ranging from 0 to 7 was assigned following the damage evaluation categories reported in Fanelli et al. (1994) . Observed values were then divided by 7 to relate the observed damage to the maximum possible damage, obtaining a weighted index of rock damage (D w ) ranging between 0 (absence of damage) and 1 (complete desertification).
Statistical analysis. Spatial patterns of total cover and species richness were examined by 2-way ANOVA (GMAV5, University of Sidney). Sectors were considered as random factors, sites were randomly nested in sectors, and quadrats provided 3 replicates.
The homogeneity of variance was tested by Cochran's test (C ) (Underwood 1997) . Analysis of similarities (ANOSIM, Clarke 1993) was used to compare community structure within and among sectors, under the hypothesis that assemblages differ at the broad spatial scale (among sectors) but not at the smaller spatial scale within each sector (among sites). Comparisons were based on Bray-Curtis similarity values (S BC ) (Bray & Curtis 1957 ) calculated on all taxa within each quadrat (PRIMER, Plymouth Marine Laboratory, Clarke 1993). Data were fourth root transformed to arrange all organisms in the same range of abundance.
To test the hypothesis of higher similarities among sites within the same sector than among sites from different sectors, the mean dissimilarities among sites in each sector (1 -S BC ) were compared to the average dissimilarity (and 95% confidence limits) among the remaining sectors. Differences among sectors, as well as among sites within each sector, were represented by non-metric multidimensional scaling ordinations (MDS), considering site centroids (the mean cover values of each taxon in the 3 replicate quadrats of each site) and sector centroids (the mean cover values of each taxon in the 3 sites of each sector). Stress values were shown for each MDS plot to indicate the goodness of representation of differences among samples.
The average dissimilarity within a site was used to measure variability among replicate quadrats. ANOVA was performed to test the hypothesis that variability within sites (i.e., community patchiness) differed among sectors. Sectors were random factors, and sites provided 3 replicate readings.
SIMPER (Clarke 1993 ) was used to identify 'important' taxa. These had covers that contributed more than 10% to similarity among sites within each sector and/or that accounted for at least 5% of the average dissimilarity among sectors. The spatial patterns of these important taxa were examined using ANOVA. In some cases, the variances of species cover did not meet the assumption of homogeneity (p > 0.05). Nevertheless, since ANOVA is considered sufficiently robust to the departures from the assumption, the analyses were still interpreted with the more conservative probability level of 0.01 (Underwood 1997) .
Spatial patterns of rock damage were examined using 2-way ANOVA to test for differences among and within sectors. To test for relationship between community patchiness and rock damage, values of dissimilarity within sites (1 -S BC ) were plotted against the values of D w averaged for each site. This relationship was described by polynomial regression.
RESULTS

Disturbance by date mussel fisheries
The 3 sites of Sector A (Gargano peninsula) were unaffected by date mussel fisheries, possibly because substrate or other conditions are not suitable for abundant date mussel settlement. Rock damage due to Lithophaga lithophaga fisheries was widespread in most of the remaining 21 sites suitable for date mussel settlement (mean D w = 0.35, SE = 0.06, n = 21). Significant differences were detected among sectors (2-way ANOVA, F 7,16 = 3.51, p < 0.05). Sector H showed the highest values of rock damage (mean D w = 0.80 SE = 0.11, n = 3), whilst the lowest damage was recorded in Sector E (mean D w = 0.09 SE = 0.04, n = 3) (Fig. 2) . Rock damage varied significantly also among sites within sectors (F 16, 48 = 2.26, p < 0.05).
Substrate cover
The total amount of substrate covered by algae and sessile animals ranged from 12 to 96%, with a global average value of 52.8% (SE = 2.2, n = 72). Cover did not vary significantly among sectors (2-way ANOVA, F 7,16 = 1.25, p > 0.05). Significant differences were found among sites within sectors (F 16, 48 = 3.29, p < 0.001).
Species richness
A total of 91 taxa were recognised in the field (Table 1) . Almost all taxa were identified to species level, except for a few groups in which a consistent species distinction in all quadrats turned out to be impossible. Later examination of voucher specimens meant that the identified group 'Encrusting calcified The number of taxa per quadrat ranged from 7 to 26, with an overall mean of 16.8 (SE = 0.5, n = 72). Species richness varied both among (2-way ANOVA, F 7,16 = 3.59, p < 0.05) and within sectors (F 16, 48 = 3.36, p < 0.001). The richest site was D1, the poorest H1 (Fig. 3b) .
Community structure
The null hypothesis that community structure was similar at all sectors was rejected (ANOSIM, R = 0.58, p < 0.001). This is also shown by the ordination of sector centroids by MDS, representing differences among assemblages from sector to sector when variability among sites and among quadrats is ignored. All sectors are well separated from each other, except for Sectors F and G, which are characterised by an overlap in similarity (Fig. 4a) . A geographical trend is also singled out, the highest distance being between Sector A (Adriatic Sea) and Sector H (Ionian Sea), passing through the sectors between them.
As observed for sectors, the null hypothesis that community structure was similar at all sites was rejected (ANOSIM, n = 3 quadrats per site, R = 0.90, p < 0.001). ANOSIM performed on each sector also detected significant differences among sites ( Table 2) .
The MDS representation of site centroids suggested a higher variability among sites in Sectors A, F, G and H (Fig. 4b) . However, dissimilarity among sites within each sector was always smaller than the mean dissimilarity between the same sectors and the remaining ones (Table 3) .
When expressed as average dissimilarities among replicate quadrats within each site (see 'Methods'), (Fig. 6 ).
Important taxa
Despite the large number of recorded taxa, SIMPER identified only 14 important taxa in characterising and/or differentiating sectors. Encrusting calcified red algae were important in all sectors, whereas the importance of the other 13 taxa varied greatly. Peyssonnelia squamaria, Chondrosia reniformis and Schizoporella longirostris were important in Sector A (Gargano Promontory). In the Southern Adriatic sectors, Cereus pedunculatus was important in Sector B, P. squamaria and Halimeda tuna in Sector C, and Calpensia nobilis in Sector D. In the Ionian sectors, filamentous brown algae and Phorbas fictitus were important in Sector E, and C. nobilis in Sectors F and G. In Sector G, serpulids and Crambe crambe were also important. The important species of Sector H were Balanophyllia europaea and C. crambe (Table 4) .
The cover of important taxa had different patterns along the coast (Fig. 7) . Only encrusting calcified red algae Crambe crambe and Schizoporella longirostris showed significant cover variations among sectors. Almost all important taxa, apart from encrusting calcified red algae, filamentous brown algae, C. crambe, Chondrosia reniformis and Cladocora caespitosa, showed significant cover variations among sites within sectors. Cover variations both among and within sectors were found only for S. longirostris (Table 5) .
DISCUSSION
The structure of assemblages varied with greater differences at greater observation scales. Results are also in accordance with the geographical trends of the surveyed coast and could support the hypothesis of Carlile et al. (1989) that communities differ consistently with the latitudinal gradient, probably reflecting biogeographic differences. Studies on intertidal and coral communities, however, report that neighbouring sites differed more from each other than from far apart ones (Underwood & Chapman 1996 , Hughes et al. 1999 , Smith & Witman 1999 . This is likely to be Due to the seasonality of Mediterranean shallow water communities (e.g., Boero 1994), with fluctuations in the presence and abundance of some species, the taxa identified as important could be less important in other seasons than late spring, when the survey was carried out. The available data on species composition are, however, assumed to reflect a set of environmental conditions that remain constant within a range of seasonal fluctuations.
Species richness differed among sectors, but only 6 taxa were important for sector differentiation. In this study, 4 taxa (Calpensia nobilis, filamentous brown algae, Halimeda tuna, Peyssonellia squamaria) had cover patterns that did not differ significantly in all sectors, their role of important species becoming evident only when considering their relative contribution to community structure. Only 1 taxon (encrusting calcified red algae) differentiated some sectors due to differences of cover, and another one (Schizoporella longirostris) by being absent in some sectors.
The a priori identification of important species is difficult and can usually be done only after the analysis of assemblage structure (Paine 1974 , Underwood & Chapman 1998a ).
However, the extraction of data on assemblage structure requires, besides quantitative estimates, taxonomic expertise sufficient to recognise conspicuous organisms underwater (Hiscock 1987) , leading to species lists. This taxonomic effort in the field is compensated by no further identification work in the laboratory, apart from the examination of some voucher specimens in the case of difficult species. Obviously, such species lists cannot be compared with those obtained by careful laboratory examination of destructive samples. However, more than 100 species recorded with such a simple and low-cost sampling effort can be considered quite a high number, sufficient to provide a quick and rough estimate of biodiversity over a large geographic area. Cryptic species and epiphytes are obviously lacking, but, on the other hand, many thin encrusting species, easily recognised and quantified visually, are difficult to collect efficiently by scraping the rock (Morri et al. 1999) .
The multivariate approach showed less dissimilarity among sites within each sector than the average dissimilarity between each sector and all the remaining ones. However, sites within sectors were considerably different from each other, in spite of having been chosen at random to represent, in the same habitat, an assemblage that is supposed to be the same within each sector. This is in agreement with the high variability at site level recorded at other locations by Archambault & Bourget (1996) and Underwood & Chapman (1996 . As a consequence, replicate samples at different spatial scales are essential in any attempt to compare stretches of coast (Hurlbert 1984 , Underwood & Denley 1984 . A well-structured hierarchical design of sampling allows simultaneous assessment of pattern at multiple, overlapping scales (Underwood & Chapman 1998a) .
On subtidal hard substrates, small-scale variability is commonly associated with developing assemblages (Glasby 1998) , which seems consistent with the idea that communities in these sites consisted of patches at different developmental stages. In the present study a Table 4 . Important taxa, contributing to similarity among sites for each sector (characterisation of sectors) and/or dissimilarity among sectors (differentiation of sectors). Values of similarity ≥10% (in the first case) and of dissimilarity ≥ 5 % (in the second case) are given in bold considerable variability among quadrats (expressed as the average value of similarity) was observed at most sites. The distribution pattern of assemblage similarity within sites was not significantly different among sectors, indicating that patchiness was homogeneously distributed throughout the whole region.
It is obviously not possible to explain all the ecological mechanisms accounting for the observed smallscale patchiness. Such processes include variation in settlement and recruitment, biotic interactions, and heterogeneity in the physical features of the habitat. It is, however, likely that disturbance contributes to cre- Table 4 ) in contributing to similarity within sites and/or dissimilarity among sectors ate patchiness at a small scale. Caswell & Cohen (1991) hypothesised that disturbance induces higher variability in communities. Warwick & Clarke (1993) recorded increased variability among replicate samples from several different marine communities exposed to distinct disturbances, thus providing support to the hypothesis and suggesting it may represent a general rule (but see also Chapman et al. 1995 for different findings). In the present case, the relationship between small-scale variability of community structure and damage caused by date mussel fisheries resulted in a curve (Fig. 6 ) similar to the predicted relationship between diversity and disturbance from the intermediate disturbance hypothesis (Connell 1978 Connell's (1978) hypothesis to the model of Warwick & Clarke (1993) . It is reasonable to predict that under conditions of very high disturbance even the variability of the benthic communities analysed by Warwick & Clarke (1993) would have been very low, due to the almost complete eradication of living forms. This, in fact, was the case for the complete desertification of the Apulian subtidal rocky substrates due to the high impact of date mussel fisheries.
Human impact on target species and/or benthic communities has been widely studied (Moreno et al. 1984 , Duran & Castilla 1989 , McClanahan 1989 , Castilla 1999 , Lasiak 1999 . As stressed in the introduction, however, no other form of human predation has a comparable impact to that of date mussel fisheries in terms of habitat destruction. Fanelli et al. (1994) showed that the damage due to date mussel fisheries was spreading from overexploited areas to underexploited ones. Five 10   Table 5 . Results of ANOVAs testing for spatial differences in the percentage cover of 'important' taxa (ns: not significant; *p < 0.05; **p < 0.01; ***p < 0.001). The names of each taxon are coded as in Table 4 . years after those studies, date mussel fisheries did not show any sign of diminution in the whole considered area, in particular in Sector H, where disturbance levels were extremely high. During the 1997 survey, in spite of legislation prohibiting date mussel fisheries, we saw fishermen in action at 3 sites.
Disturbance acting at such a wide scale on the relative abundance of habitat types might have a strong impact on biodiversity. Danielson (1991) remarked that, even when the relative abundance of habitats does not change, variations in their spatial distribution could alter species interactions.
Strong action against this devastating form of human predation is urgently needed, especially aimed to convince consumers that the demand for date mussels is ecologically incorrect. The recent institution of Marine Protected Areas along the coast of Apulia will hopefully lead to habitat restoration and to the perception of the value of environmental integrity.
